Abstract
Introduction
The prevalence of chronic kidney disease (CKD) in China was 10.8% [1] . Clinically, disorders of the thyroid gland such as hypothyroidism and euthyroid sick syndrome (ESS) often occur in CKD patients, especially in CKD stage 5 [2] [3] [4] . Patients with hypothyroidism can have clinically important reductions in estimated glomerular filtration rate (eGFR), which can be attenuated by using thyroid hormone replacement therapy [5, 6] . Hypothyroidism can also lead to hyperlipoidemia and atherosclerosis in coronary and peripheral vessels. Studies indicated that subclinical and clinical hypothyroidism were the risk factors for all-cause mortality and CVD death [7] [8] [9] . Similar to hypothyroidism, ESS was associated with endothelial dysfunction in stage 3 and 4 CKD patients [10] , as well as with cardiomyopathy [11] and a high risk of death in CKD stage 5.
A study [2] has indicated that the prevalence of subclinical primary hypothyroidism increased from 5.4% at an estimated GFR > 90 mL/min/1.73 m 2 to more than 20% at an estimated GFR < 60 mL/min/1.73 m 2 . In addition, Song and his fellows [3] showed high morbidity of low T3 in CKD patients. However, the mechanistic link and directionality of the association between ESS and kidney disease remain widely unknown. Inflammatory cytokines and oxidative stress may play pivotal roles in the pathogenesis of ESS in patients with CKD. Our previous study suggested that albuminuria is an independent risk factor of T4 elevation in CKD [12] . However, albuminuria is not the unique cause of CKD. Therefore, it is essential to assess probable risk factors for ESS in CKD.
It is well known that CKD can induce a number of complications and comorbidities. No data to date are available about the relationships of thyroid hormone and eGFR, gender, age, uric acid, hemoglobin (Hb), albumin, and C-reactive protein (CRP) in CKD patients. Hence, we conducted the study to explore the relationships between thyroid hormone and biomarkers in CKD patients and ascertain risk factors for ESS.
Materials and Methods
A total of 905 non-dialysis patients hospitalized with CKD from August 2009 to October 2012 were registered via the case records system of Nanjing First Hospital. We excluded subjects who were younger than 18 years, women who were pregnant (given potential pregnancy-related changes in thyroid function), subjects who were receiving concurrent treatment with drugs that could affect thyroid function (lithium, amiodarone, iodine, methimazole, or propylthiouracil), and patients with acute kidney injury. The study was performed in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of Nanjing First Hospital (IRB No. 86-025-52271039-21). Informed consent was obtained from all participants when they were admitted to the hospital.
Laboratory Measure
Thyroid function was tested by using electrochemiluminescence assay (Siemens, Centaur XP) at the second day of admission. The normal reference range in our institute for TSH was 0.55-4.78 mIU/L, T4 (TT4) 58.1-140.6 nmol/L, FT4 11.5-22.7 pmol/L, T3 (TT3) 0.92-2.79 nmol/L, and FT3 3.5-6.5 pmol/L. Clinical hyperthyroidism was defined as decreased TSH with increased FT4, TT4 and/or FT3, TT3; clinical hypothyroidism was defined as increased TSH with decreased FT4 and decreased or normal FT3; subclinical hyperthyroidism was defined as decreased TSH with normal FT4, TT4, FT3, TT3; subclinical hypothyroidism was defined as increased TSH with normal FT4, TT4 and/or FT3, TT3; ESS was defined as normal or decreased TSH with decreased FT3, TT3 and/or lower FT4, TT4.
Serum creatinine (Scr), cystatin C, uric acid, β2-microglobin, albumin, and prealbumin were measured by OLYMPUS AU5400 automatic biochemical analyzer (Olympus Corporation, Mishima, Japan). The calibrators for the enzymatic method were traceable to an isotope dilution mass spectrometric method for Scr using standard reference methods NIST SRM 967 [13] . Hb was detected by Sysmex XT-1800i Automated Hematology System (Shanghai, China). The concentrations of serum CRP was measured using electrochemiluminescence by ELECSYS 2010 (Roche, Switzerland). HbA1c was determined using the BioRad VARIANT II HPLC analyzer (Biorad, Hemel Hempstead, UK). eGFR was calculated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) four-level race equation [14, 15] and the last Scr value before discharge was selected as the baseline level. The specific CKD-EPI four-level race GFR estimation equation is shown in Table 1 . Data were expressed as mean ± SD. Prevalence of different thyroid diseases was calculated by χ 2 test. Levels of thyroid hormone and other biochemical markers in different CKD stages were compared using one-way ANOVA. The correlations between thyroid hormone and biomarkers were analyzed by Spearman correlation analysis. Additionally, binary regression was employed to explore risk factors for ESS. p values < 0.05 were considered to be statistically significant.
Statistical Analysis
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Results

Characteristics of Subjects in Different CKD Groups
There were significant differences among the five groups in cystatin C, β2-microglobin, Scr, and eGFR (p < 0.01). Levels of uric acid and ACR in CKD4 and CKD5 were markedly higher than those in other groups (p < 0.01), while anemia in CKD4 and CKD5 was more severe than that in CKD1-CKD3 (p < 0.01). CKD5 populations had lower albumin and higher CRP than other stages (p < 0.01 and p < 0.05); however, the level of prealbumin revealed no significant difference between CKD5 and other groups. HbA1c in CKD5 showed significantly lower levels than CKD1, CKD2, and CKD4 (p < 0.05). Age in CKD1 group was significantly lower than other groups (p < 0.01). FT3 or T3 became more prevalent with increasing eGFR with the lowest level in CKD5 (p < 0.01, Fig. 1 and 2) . No significant differences were found between groups in FT4, T4, or TSH (p > 0.05) ( Table 1 ).
The Prevalence of Different Thyroidism in Each CKD Group
Hyperthyroidism and subclinical hyperthyroidism were rare in CKD patients. However, high prevalence of hypothyroidism and subclinical hypothyroidism was shown in the CKD population. Moreover, morbidity of ESS in CKD revealed extremely high, especially in CKD stage 5 (69.1%, p < 0.01). (Table 2 ). 
Correlation Analysis of Thyroid Hormone and Biomarkers
The scatterplot of eGFR associated with FT3 is shown in Figure 3 . Pearson correlation coefficient (r) was 0.239, p = 0.0001, indicating that FT3 was significantly positively correlated with eGFR. The scatterplot of T3 associated with eGFR is revealed in Figure 4 . Pearson correlation coefficient (r) was 0.292, p = 0.0001, suggesting that T3 was significantly positively correlated with eGFR. ESS had correlations with prealbumin, β2-microglobin, eGFR, and CRP (r = 0.095, p = 0.004; r = -0.12, p = 0.001; r = 0.091, p = 0.007; r = -0.096, p = 0.008; r = 0.154, p = 0.001). After adjustment for prealbumin, uric acid, HbA1c, age, gender, eGFR, and β2-microglobin, binary regression revealed that Hb, CRP, and albumin were independent influence factors of ESS (p = 0.016, r = 1.014; p = 0.023, r = 1.007; p = 0.029, r = 0.996).
Discussion
Our study revealed that level of T3 and FT3 decreased in accordance with eGFR. eGFR had positive correlation with T3 and FT3 by Pearson correlation analysis. The most common disorder of thyroid gland in CKD is ESS. In our study, we found that CKD patients had a rising trend in frequency of ESS and 69.1% patients in CKD5 had ESS. Correlation analysis showed that eGFR had a positive relationship with T3 and FT3. Additionally, ESS had correlations with AKP, prealbumin, β2-microglobin, eGFR, and CRP. However, binary regression only indicated that Hb, CRP, and albumin were independent influence factors of ESS. It has been reported that kidney had a close relationship with thyroid gland [16] [17] [18] . Thyroid hormones are essential for the development and metabolism of kidney or other organs [19] . Dysfunction of thyroid gland may induce disorders of water, electrolyte, lipid, and so on. den Hollander et al. [20] reported that the thyroidal status influences kidney function both during embryonic development and the maturation of the kidney, indirectly by affecting the cardiovascular system through its influence on renal blood flow, and directly by affecting glomerular function, tubular secretion and absorptive capacities, electrolyte pumps, and kidney structure. In a micropuncture study, a 65% or higher increase in isotonic fluid reabsorption was observed in proximal tubules of thyroidectomized rats after treatment with T3 [21, 22] . Studies indicated that hyperthyroidism increased GFR by up to 18% in hyperthyroid rats and humans [20, 23] . Hyperthyroidism can lead to decrease in Scr and elevated cystatin C [24] . Inversely, decline in eGFR was more common in patients with overt or subclinical hypothyroidism [20, 23, 25] . In our study, a linear relationship was shown between eGFR and T3 or FT3, which indicated that T3 or FT3 decreased with the decline in eGFR. This reduction in T3 concentrations has been linked to a decrease in the peripheral synthesis of T3 from T4. Although free and total T4 concentrations may be normal or slightly reduced, sometimes free T4 may be high due to the effect of heparin used in anticoagulation during hemodialysis, which inhibits T4 binding to its binding proteins [26] . This kind of change in thyroid hormone may be attributed to self-protection during severe disease to diminish basic metabolism, but the underlying mechanisms remain unknown. Some studies [2, 3] predicted that CKD may lead to higher prevalence of ESS or hypothyroidism. Song and his fellows [3] showed an increasing trend for population of low T3 according to the increase in CKD stage with normal level of TSH (eGFR ≥90, 8.2%; 60 ≤ eGFR < 90, 10.9%; 30 ≤ eGFR < 60, 20.8%; 15 ≤ eGFR < 30, 60.6%; eGFR < 15, 78.6%). Similar to previous studies, a big proportion of CKD 4-5 patients also had ESS (62.1 and 69.1%). Meanwhile, low T3 syndrome now is used as a marker of severe disease. Carrero et al. [27] indicated that low T3 levels are independent predictors of all-cause and also cardiovascular disease mortality in euthyroid patients, perhaps due to an intimate association with inflammation. Our study also revealed elevation of CRP in CKD population with the highest level in CKD5, which was broadly consistent with previous reports of elevated levels of inflammatory markers in patients undergoing hemodialysis [28] [29] [30] , and in earlier stages of CKD [31, 32] . Therefore, high level of inflammation in CKD patients, especially in CKD5, may induce frequency of ESS. The regression analysis also indicated CRP was an independent risk factor of ESS.
In CKD4-5 stage, patients usually have symptoms of nausea, vomiting, bad appetite because of accumulation of toxin, and anemia. Therefore, it is common to observe malnutrition in the CKD population, especially at the CKD5 stage. In our study, the level of albumin in CKD5 was 32.66 ± 4.80 g/L, which was significantly lower than in the other groups. Additionally, Hb went down with the decrease in GFR in accordance with usual pathophysiology. Hence, hypoalbumin and severe anemia contributed to the high prevalence of ESS.
The limitation of our studies was one single center, which may lead to crowd bias; however, nearly all kinds of diseases that may lead to CKD were included; therefore the result was believable.
Taken together, our study showed that people with CKD had a high prevalence of ESS, mainly low T3 syndrome. Anemia, inflammation, and malnutrition may contribute to ESS in CKD.
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